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Objectives of NOx Compliance
NO_[[ A

= Meet Government Regulation’s
= DRBUFHIEEDDZE
= Minimize Financial Impact
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Total Integrated NOx Compliance Strategy
BARNO, [ AR 1%

Gather Input from all Boilers Within an Affected System
fE—ORFAMRODDEIBEIA OO AL

Assess Boiler Conditions, Dispatch Requirements, Remaining Life, and Fuel
Switching Options

OfEO00E, FrEUBEER, DUMIER O, RATE0DRRE
Evaluate all Potential NOx Reduction Options

O Z- U R BELHENO, K H %

Determine Optimal Economic Solution

T e B AT ATRO MR L Ok

The optimum system solution may be a combination of some or all of the
available NOx reduction options
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NOx Reduction Options
NO,_ OB %

= Firing System Tuning and/or Existing
Equipment Modifications

MUKRODBERIE DA D DSGE
Fuel Switching
RBEO

Firing System / Boiler Modifications
Including:

RO DR, mEE

Low NOx Burners

{ENO, BAI23

Overfire Air Systems

BROCRO

Reburn Systems

BRARD

Pulverizer Modifications / Systems
JEIERLORIR

Control System and/or Neural Network
Upgrades

o EeEIROREGO00F D
SNCR Addition

= INSNCR

SCR Addition

¥ InSCR
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Low NOx Design Criteria
{ENO_ 1007

For retrofit Low NOXx projects, the major design considerations are:
OTSeERMENO, TREOH, DOEZBOMEEIE
Fuel Characteristics

Original Boiler Design Parameters
DURRR OO0

Equipment Limitations

LA BRI

Boiler Integrity and Condition
OOEARME R OO0

Existing Boiler Performance

O DDA

Available Space

ARy 22
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NOx Retrofit - Unit Upgrades and Improvements
{ENO, dGE-HLOH T ORI g

Unit Upgrades and Improvements can be Incorporated into a Low NOx Firing System Project
FEENO, ALRO TR, W& DOITHLOR T DD
Boiler Performance
OO DA THRFALE

Increase (or Reduce) SH / RH Steam Temperature
i (EEEK) DO2EFOERRE
Correct Furnace Temperature Imbalances
OEEOOEORZE
Reduce Furnace Slagging / Pluggage Problems
DA OOOEIFE KO0
Reduce Draft Loss with Redesigned Convective (SH, RH & Economizer) Elements
BEFOOOMZOE (D088, HOIMEHER) B @mook
Increase Pulverizer Capacity

o REEENET
Maintenance Problems
MEOD

o Replace Eroded / Corroded Waterwall Tubes with Chromized or Weld-Overlaid Tubing

0 HBIHZEBEZEST T OICRUIBOR KRS
o Improve Access to High Maintenance Areas
(]
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NO, Retrofit - Firing System Improvements
(ENO, FiE-BAOR Oy

New Equipment and Upgrades can be Incorporated into a Low NOx Firing System Project
FOOFFAOBEER LG O{ENO, RO DdGE TR A
Fuel Transport System BVEI DR R0
o Ceramic Orifices, Wear Resistant Piping & Elbows
0 WZEOWILE, OO BEAEERDD
o Rockwell Coal Pipe Couplings
o IROBHEEROE
Coal Compartments £
o Ceramic Lined Coal Nozzles
DRI O
Wear Resistant Coal Tips
B E¥ D0
Various Material Options for Nozzle Tips
SIRL-JR i OE- SR>y 2 N
dbox Components &85
Tilt Upgrades
BIRE: G505 il
External Damper Bearing Assemblies
AR 0 0 DAY EERD
Air-Cooled Oil Guns
o O%AIHD
Ignitor Upgrades = k2870
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NOx Formation Mechanisms
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Types of NOx
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Basic NOx Reduction Strategies
NO, UHEHYEEA TG

Staging of the Combustion Process
SRO L
Vertically and Horizontally
AYA-VEARE-V
Fuel Rich / Air Lean Zones
BRI OIO00
o Minimize Air at Early Stages of Combustion (< Fuel NO,);
0 FERULMBUBARDZEDE (BEREEINO, )
Fuel Lean / Air Rich Zones
BREHOIE D
o Minimize Gas Temperatures in Furnace (< Thermal NOx).
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Concentric Firing System (CFS) Design Concept

FORROFRD (CFS) LU 0A

Creates an Oxidizing Near
Wall Environment

T — T EE O ERY O8R
Decreases Slagging /
Increases Waterwall Heat
Absorption

D/ 18 K BE O R K
Promotes Oxidation of
Sulfur Species for
Reduced Waterwall
Wastage

T E by O b AR
KEEER DFE

Increases Interaction of
OFA and Gasses

ik (OFA) MR

HELEH
Reduces CO and
Unburned Carbon

(> CORMIRIAL

Overfire Air
AS (Adjustable
Yaw)

OO (ROA
EEw )

Primary Air,
Fuel, &
Secondary Air

Plan View of Tangentially Fired Furnace
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Vertical Staged Combustion for NOx Reduction
VR DR D LD BENOx

Air-Staged Low NOx Firing Approach
72 4 DRI NOXIR 177
ﬁ Utilizes a Flexible, Multi-point Air Injection Design
= == (P — 0I5, %000
Controls the Build-up of Lower Furnace
34 BS IR Stoichiometry
| e e | AVARL: U RIRY(ARIE=31e
T%B{J\ﬁ,%&rm Provides for the Optimization of the Global Time -
| SOFA | Temperature - Stoichiometry History for
ORI Minimum NOx and UBC
e — CCOFA_ ¢ OE/NEINOXFIRIR O (UBC) |, #RE:00-DEE-bOC
s Main ¢ B Otk
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NOx Toolbox
R NOxHY 71

= All ALSTOM Tangential Low NOx Firing Systems use, to varying degrees, the
following three key elements:

o FTAR/RAGER YA DENOXRUEE AL F=0008 0, dHNFBFE
OverFire Air (CCOFA and / or SOFA)

fE BRI

Concentric Firing System (CFS) offset air
PR E D[R] OB R L

Specially designed coal nozzle tips

i AE DR OvE O
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Family of T-Fired Low NOx Systems
ARIIHIGIE R ENOxR ]

o LNCFS -P2

o ENOx[FECOMREE AR - P2
o LNCFS - Level |

o ENOx[FE.LMRE AR O-

o LNCFS - Level ll

o ENOx[FE.LMRE A CRO-I
a2 LNCFS - Level lll

o ENOx[AE.LMRE TRORO- 1
o TFS2000R

o YIHBRO ((ENOx ) >R12000R



Low NOx Firing System Options

ENOx BRORI N HE
EXISTING LNCFS LNCFS LNCFS LNCFS TFS 2000 R
WINDBOX P2 LEVEL | LEVEL Il LEVEL Il
DDA i
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OAERElc
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» £50
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CFS CFS P2 COAL
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P2 Coal Nozzle Tip
P2AER

Low NOx Extension of Proven
Aerotip™ Design

OO Aerotip™ [ O-IENOxE: DR OB

Utilizes Turbulence Generating
Bluff Bodies to Increase Turbulent
Mixing and Near Burner Ignition

{5 FH it AR AR SS, HEinmiRE & U4E
IR D28 78 K

Bulbous Outer Shroud for Fuel Air
Flow & Ignition Point Control

(k) BRRETORY (BUMML) B, &
O T DBRRE-ZE O (—ROE) AE K
R

Provides for Control Over the Local
Stoichiometry of Combustion for
Reduced NOx
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LNCFS™ - P2 Firing System
LNCFS™ - P2 BRI A[]
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Integrated In-windbox Low NOx Firing
System
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Vaned Close Coupled Overfire Air
(VCCOFA)

MR OOBROD (VCCOFA)

P2™ Coal Nozzle Tip

P2™ 3 1 0

Concentric Firing System (CFS™)

ALOBRORD

No Pressure Part Modifications
T ERAE-HY B

Maximizes Use of Existing Firing
System Equipment

OAEBROROOU R AF A



LNCFS Levels I, II and 111
{ENOx [A]0BRR DT, IT F1 1T

Low NOx Concentric Firing System
Separates (LNCFS™)
Overfire Air ENOX [E.DINBRAL

Nozzles

sERBMO00% o Low NOx Coal Nozzle Tips
Close-Coupled o {ENOx X1

Civerfire Air

Nozzles o Close Coupled Overfire Air

ANY

) 1.{ T
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L oieD == =i ide lgnitor
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TFS 2000™R Firing System
TFS 2000™R BR[15R[

Integrated Low NOx Firing System

O 0O 0O O O

—R{LAIENOX R L15R L

P2™ Low NOx Coal Nozzle Tips
P2™ {ENOXEEW [ 0

Close Coupled Overfire Air
(CCOFA)

H ORI (CCOFA)

Multi-level Separated Overfire Air
(SOFA)

% 13 BSR 1111 (SOFA)

Concentric Firing System (CFS™)
[FDEBARO(CFS™)

Dynamic™ Classifiers*

BIRpoR--F

Not required for sub-bituminous
coals
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NOx Reduction System Cost versus Performance
NOxIHEARULA DO THERERY R

NOx [ HE=

NOx Reduction

100%

NOXxHER DDA DOITHERERY R
NOx Reduction System Cost vs Performance
Typical 200 MW - Material Cost Only
200MW-C OATRHD
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NOx Reduction Systems
NOx O HER D

$0

System Cost, $/KW
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Recent Developments - Tangential Firing Technology
S DFE0 -SRI OB O

= LNCFS P-2
20% - 50% Reduction in NOx
NOx([14>20%-50%
< $1/kW for a 200 MW Unit
200MWHL{E T-$1/kW
Nozzle Tip Replacement. No Modifications!
FHOBE O, Ao
FS 2000R
< 0.26 Ibs/MMBTU on E. Bit.
SEAHOEEHE D, KT 0.26 Ibs/MMBTU
< 0.15 Ibs/MMBTU with PRB and Indonesian Coals
fEHPRBHIFIJESED, {£7°0.15 Ibs/MMBTU
* Experience as low as .10lbs/MMBTU
E{KT0 .10lbs/MMBTURJ [
= DOE Ultra Low NOXx results
[} DOE}:EE{ENOX D%
o <0.23 Ibs/MMBtu on M. Bit
5 F AR, {£7°0.23 Ibs/MMBtu
< 0.13 Ibs/MMBtu on PRB and Indonesian Coals
i HPRBHIEIJESE 11X T-0.13 Ibs/MMBtu

]
U0 0O 000D 000D 0D O O
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LNCFS™ [ evel I NOx vs. Unit Size LNCFS™ [Level It
NOx LA ER R (HLNCFS™I R [1)

LNCFS Level 1

NOx vs. Unit Size
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INCFS™ [ evel Il NOx vs. Unit Size LNCFS™ ] evel
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LNCFS Level 2

NOx vs. Unit Size
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INCFS™ ] evel IIl NOx vs. Unit Size
LNCFS™ Level III 1J NOx (OO A B % (JALNCFES™ 111 52[1)
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TFS2000™R - NOx and Unburned Carbon Results with an
FEastern Bituminous Coal
TFS2000™R i A (1A IREERT NOx IR ORI TR
DO OO O B AR LT LK S EMNOX LHYL5R

Carbon in Flyash vs. NOx at Full Load
for Several Classifier Speeds
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ALSTOM Power’s Low NOx Experience
ALSTOM PowerfJ{ANOx dftiti [11]

Over 200 Units Modified with Low NOx Combustion Systems
FE 200 AL 01T 1 {ENOX BRUSR DEiE

Over 180 Modified Units in Operation

180 ELUERIML AT

Patent Holders of LNCFS Technology
OLNCFSH: 0O 0FIWFr A %

Patent Holders of TFS2000™R
OTFS2000™RO O OFIRIFF A &

Development of LNCFS-P2

& T HILNCFS-P2+; [

LNBFS Technology for Oil and Gas Low NOx
RRIBATER O {ENOX LNBFSH; [

Reburn Applications

HARE OR 0 H

RSFC Burner

RSFCRA1ZS



ALSTOM Power In Furnace Low NOx Experience
ALSTOM Power fE [ 7 THIFENOx 2t 11

BRORD WL DNE
Firing System Units Mw
LNCFS - P2 33 4,614
LNCFS Level | 49 13,126
LNCFS Level ll 52 14,767
LNCFS Level Il 52 23,957
TFS 2000 R 22 9,135
Cyclones OFA 2 508
Oil/Gas OFA 6 1,860
Other T fired 10 2,172
RSFC 24 2,600
TOTALS 250 72,739
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ALSTOM Power Low NOx Capabilities
ALSTOM Power fKNOx ¥ 5E

US EPA data for 2001 reveal that 19 of the 20 lowest emitting coal units use
Alstom-supplied low NOx Firing systems

FOORZE2001AMEYOHES, 200 HEHNOX KRB -RAE 1908 T F /- B
IR BETIENOX SR UI5R 1

B BLO M NOx O RO KO L0 M NOx O RO

No Unit State  NOx System No Unit State  NOx _ System

1 Polk FL 0.10 CGCcC* 11 Baldwin 3 IL 014 TFS 2000
2 Labadie 1 MO 0.11 LNCFS 12 Parish7 TX 0.14 TFS 2000
3 Labadie 2 MO 0.1 LNCFS 13 Joppa 1 IL 0.15 LNCFS

4 Labadie 3 MO 0.1 LNCFS 14 Joppa 2 IL 0.15 LNCFS

5 Labadie 4 MO 0.1 LNCFS 15 Joppa3 IL 0.15 LNCFS

6 Joliet29 -71 IL 0.12 TFS 2000 16 Joppa 4 IL 0.15 LNCFS

7 Joliet29 -72 IL 0.12 TFS 2000 17 Joppa b IL 0.15 LNCFS

8 Rushlsland 2 MO 0.12 LNCFS 18 Joppa 6 IL 0.15 LNCFS

9 Waukeegan 8 IL 0.13 TFS 2000 19 Newton 1 IL 0.15 LNCFS
10 Rush Island 1 MO 0.13 LNCFS 20 Newton 2 IL 0.15 TFS2000

*Coal Gasification Combined Cycle demonstration unit
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ALSTOM Power

-LNCFS
- TFS 2000M
- Fuel Switching

Air Preheater

- Heat Exchangers

ENOXR ]

Low NOxSystems

Construction

BurnerNOXx Retrofits
-RSFC™ o Vi
e BATESIENOXZGE

Finance
OS2 HF

%

OfRR0O
Environmental Systems|
- SNCR
-SCR
- Precipitators
- Scrubbers
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